We examine the pathways by which gender inequality affects fertility and hampers growth. We introduce several dimensions of gender inequality into a 2-sex OLG model with a nonunitary representation of household decision-making. We characterize a Malthusian corner regime which is characterized by strong gender inequality in education and high fertility. We find both in theory and in the data that reducing the social and institutional gender gap does not help to escape from this regime while reducing the wage gender gap lowers fertility only in countries which have already escaped from it. The key policies to ease out the countries in the Malthusian regime are to promote mother's longevity and to curb infant mortality. In the interior regime, parents consider the impact of their children education on the expected intra-household bargaining position in their future couple. Education could thus compensate against the institutional and social gender gap that still exists in developed countries.
Introduction
The drop of fertility close to -or below -replacement level has accompanied all developed countries along the transition from economic stagnation to sustained growth. Many least developed countries have now started their demographic transition and fertility is sharply decreasing there too. Still a group of countries seems not to have started its demographic transition yet with the regions of Sub-Saharian Africa and South Asia preeminently represented in this group of countries. Alongside high fertility, these countries are also characterized by gender inequality in education with women enjoying lower levels of schooling than men.
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Apart from being valuable on its own, a range of socio-economic virtues are widely attached to gender equality which includes improved children's development (through better health and education), reduced poverty and the promotion of long-term economic growth. In attest to the positive link between the status of women in a country and its economic development, programs aiming at the promotion of gender equality have emerged. Two emblematic examples are the World Bank's "Gender Action Plan as smart economics" and the United Nations that explicitly settles the promotion of gender equality and women empowerment as its third Millennium Development Goal.
Discernibly is gender equality a multi-dimensional concept that encompasses many other aspects than the sole access to education. Any comprehensive measure of gender parity in a society should indeed bear on a range of indicators capturing such features as women's access to economic resources, women's access to health programs, women's legal rights and civil liberties and so forth. In adequacy of this mindset, the World Economic Forum has implemented the Global Gender Gap (GGG) index that provides a concise measure of gender equality for a list of 128 countries. This index sums up a large variety of gender-based inequality indicators along four main dimensions: "Economic participation and opportunity", "educational attainment", "political empowerment" and, "health and survival". The usefulness of embracing multiple dimensions when considering the issue of gender equality is best disclosed by comparing the four GGG subindex scores of specific countries; for example, scores of Iran and Mozambique are displayed in Table 1 .
3 Despite 1 See United Nations Statistics Division's country data release on total fertility rates and education indicators for women and men accessible via http://unstats.un.org/unsd/databases.htm.
2 See the Global Gender Gap Report (2007) . An alternative to this index of gender disparity is the very rich "Gender, Institutions and Development Database" from the OECD.
3 Subindex scores are comprised between 0 (inequality) and 1 (equality). The index is built from female-to-male ratios in order to capture the gender gaps independently of the absolute women's and being relatively more egalitarian in the educational attainment dimension, Iran performs lower scores than Mozambique in terms of women's political empowerment and women's economic participation and opportunity. In addition, reporting the number of birth per women positively serves to illustrate the above-mentioned negative relationship between fertility and an educational gender gap unfavorable to women. Observe that Iran, where gender parity is near to be reached in education only, has a number of birth per women of only 2.03. Contrastingly, Mozambique combines a educational attainment female-to-male ratio well below unity with a high number of birth per woman, but gives more political and economic power to women compared to Iran. This observation raises the question of the relative pertinence of the various gender equality concepts when considering the issue of the economic development process. Broader evidence for the negative link between female's access to education and fertility is suggested from a cross country data analysis. Figure 1 depicts the gender gap scores for the educational attainment GGG subindex together with the total fertility rate for a list of 128 countries. The coefficient of correlation between the two variables is equal to -0,76 (significant at the 0.005 probability level).
In this paper, we want to formally clarify the role of various dimensions to gender inequality in fostering the transition toward faster growth. Acknowledging the enhancing effect of a reduced population growth in the shift from economic stagnation to sustained growth, we especially want to examine the pathways by which increases in gender equality may affect fertility. We do so by means of a household bargaining model in which we explicitly distinguish between the following gender-based gaps: the survival gap, the wage gap, the social and institutional gap and the educational gap. The latter is endogenous to our analysis while the former three gender-based concepts are exogenous.
men's attainment levels which would not be independent of the level of available resources. This make the inter-country comparison possible regardless of their general level of development. Specifically, we integrate a collective representation of household decision-making into a two-sex overlapping-generations model with endogenous fertility and parental investment in children's human capital. 4 In this model, agents from both sexes are assumed to be perfectly identical except in their time constraint as women bear a higher time cost of childrearing. Fully abstracting from allegedly socially ascribed gender roles, this assumption is grounded on the inherent biological differences between genders that entail a higher time commitment to child care for women associated to pregnancy, childbirth and breastfeeding.
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In addition, parents care for the wellbeing of their children without favoring boys or girls a priori. A distinctive feature of the model comes with our specification of household 4 Initiated by Chiappori (1988 Chiappori ( ,1992 , collective models of household behavior emerged in response to the lack of both theoretical foundation and empirical support for the unitary -or "head of the household" -representation of family decision-making. See Chiappori and Donni (2006) for a survey of the literature on non-unitary models of household behaviors. 5 Albanesi and Olivetti (2007) provide evidence for the time cost associated with breastfeeding. Combining information from the National Association of Pediatrics charts on the number of daily feedings by age of the infant with an estimated duration of 20 to 30 minutes for each feeding, the authors evaluate that a women spend on average 13.6 to 17.3 hours per week breast-feeding the infant. Based on this analysis, they conclude that on average, a women spend up to 43% of their working time nursing, given an average workweek of 40 hours during the first 12 months of life of the child. decision-making. It is based on the notion of intra-household bargaining power: pursuant to the collective household model, the welfare function of the couple is represented as a weighted sum of individual utilities where the weights can be interpreted as the bargaining power of the spouses in the decision process. We assume these weights to depend on the earning abilities of the spouses and, in particular, on the spouses's relative human capital levels. Altruistic parents make decisions on individual consumption levels, fertility, and the education of their children. Hence, parents face an inter-temporal arbitrage problem that involves decisions on consumption across generations with the double peculiarity of a quality-quantity tradeoff with respect to the offspring and a gender power variable that evolves over time. As in the standard model of parental investment in children's human capital, our model predicts that parents invest less, ceteris paribus, in the education of their daughters because of the lower amount of time devoted to labor market activities by women that reduces the returns to girls' education relative to that of boys. 6 However, an additional consideration enters this investment decision as parents recognize that the equilibrium share their children, as adult, will extract from the household decision is linked to the human capital they have been endowed with and this may affect the direction of the gender gap in education.
In spite of the relatively abundant empirical literature on the impact of gender inequality for economic growth (see e.g. Knowles, Lorgelly and Owen, 2002), macroeconomic studies that formally explore the role of gender heterogeneity remain relatively sparse. 7 Examples of dynamic models with endogenous fertility that explicitly embody non-unitary model of household behavior are Echevarria and Merlo (1999), and Iyigun and Walsh (2007). In both works, prior gender asymmetries are limited to biological disparities and gender differences in education is the equilibrium outcome of intra-household bargaining. However, since growth is left exogenous in both models, the authors don't use their model to investigate how these gender disparities may affect the long-run pattern of economic development. Echevarria and Merlo are interested in deriving a measure of the cost of having children that they estimate in a cross-country analysis. In Iyigun and Walsh, education is not chosen by parents but is seen as a pre-marital strategic investment decision that an agent make taking into account its implication in terms of future intra-household allocation of resources.
By relating the evolution of gender discrimination in education to long-run economic and demographic development in Europe, the work of Lagerlöf (2003a,2003b) borders on our research program. The author develops a 2-sex dynamic model with endogenous fertility and household formation. Without assuming gender asymmetries in preferences and abilities, differences in parental investment in human capital between boys and girls may arise as a Nash equilibrium of a coordination game between families: when all other families discriminate, it is optimal for an atomistic parent to act the same. The author assumes that economies re-coordinate on more gender-equal equilibria over time without analyzing the driving forces toward higher gender equality. In addition, although integrating gender variables, the model builds on the unitary approach of the family. In that sense, the model does not response to the call for multi-person representations of the household. As the author notes, the model captures the concept of gender stereotypes but in regards with the above remark it does not capture the notion of gender decisional empowerment.
The present work also relates to the contribution of Doepke and Tertilt (2007) that explicitly addresses the issue of the change in women's status along the development process. Their work differs from existing literature in its angle of inquiry as the authors look at the other direction of causality in the relationship between women's empowerment and economic development. That is, they examine what economic force may have induce the progressive extension in women's rights during the industrialization process.
They propose an OLG model with a quality-quantity trade-off on children and some political process to explain the distribution of power between men and women. Relying on the assumption of higher male physical strength, political power in this economy is initially concentrated in the hands of men. However, ongoing technological progress that augments the return to human capital may induce men to give in rights to women as this will allow for higher quality children and faster economic growth. We do not look at the political process through which advances in technology lead to women's empowerment. We rather direct the focus on the reversal causality direction, the specific question at hand here can be summarized in the following terms: What and how changes in gender disparities intervene in shaping the development process with a special emphasis on the demographic transition?
By introducing several dimensions of gender inequality into a 2-sex OLG model that encompasses a non-unitary representation of household decision-making, we are able to characterize a Malthusian corner regime in addition to the interior growth regime. The low growth Malthusian equilibrium is characterized by strong gender inequality in education and high fertility. The model displays this low-type equilibrium without need to assume non-convexities in the returns to human capital as it is generally the case in human capital-driven growth models built on the mode of Becker, Murphy and Tamura (1990). Indeed, while these authors required this assumption in order to produce the inferior equilibrium, the sole introduction in our set-up of gender heterogeneity in parental time requirements suffices to induce a motive for discrimination in the head of the parents and thereupon admitting a Malthusian equilibrium.
We also derive the model's implications in terms of the impact of the various dimension in gender disparity in shaping the economic development process. In particular, we show that reducing the social and institutional gender gap in economies trapped in the Malthusian regime does not help escaping it. Reducing the wage gender gap does not help either. The key policy measures which most likely will ease out these countries are to promote mother's health and longevity and to curb infant mortality. As we will argue when discussing the results, these facts are not inconsistent with empirical existing findings. In addition, we find both in theory and in the data that reducing the wage gender gap lowers fertility only in countries which have already escaped from the Malthusian regime.
The remainder of the paper is organized as follows. Section 1 sets out the model and outlines some broad implications of the bearing of the intra-household allocation process.
Section 2 describes the Malthusian equilibrium with high fertility and gender disparities in education. It also discusses the condition on the different gender gaps to escape this low level equilibrium. The modern growth BGP is in turn presented in Section 3 and discusses the implication of the assumption of endogenous gender power. In section 4, we confront the testable implications of the model to empirical evidence. Section 5 concludes.
The Model
We assume an overlapping-generations model in which individuals are either males or females and live for two periods: childhood and adulthood. Men and women are assumed to be perfectly identical except for the biologically founded difference of a longer child rearing time supplied by women. In the first period of life, children simply accumulate human capital and their consumption level is set equal to zero. At the beginning of adulthood, men and women are randomly matched into married couples. Adults are altruistic as they care for the well being of their children. Subject to the household resource constraint, married couples make decision on the spouses's consumption level, the number of children and the amount of education spending on daughters and sons. Preferences of the representative agent i, i ∈ {f, m}, in period t are represented by the husband in the household decision process. Notice that in Equation (1), parents evaluate the welfare of their children through the lens of their expected bargaining positions in their future couple.
The welfare weight θ t is assumed to be a function of the human capital stock of the spouses with the specific representation:
with γ, γ ∈ [0, 1]. This parameter measures the preponderance of human capital on the bargaining power distribution. 9 When γ equals zero, bargaining power is exogenous and equal toθ ∈ [0, 1]. The ratio on the right-hand side of the above expression describes how human capital affects bargaining power with the parameter µ ≥ 0 describing the sensitivity of the function to relative human capital. The part of bargaining power associated to human capital of agent i is equal to 1/2 if µ = 0, while as µ → ∞, this dimension of bargaining power approaches unity for agent i as soon as the human capital of i surpasses that of j, j = i, even very slightly.
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Let e . Assuming income pooling, and denoting income net of education spending by y t , the budget constraint of the couple is given by
In accordance with the presumption of men and women having identical abilities, we assume the same human capital technology for both gender groups:
with δ, the human capital elasticity with respect to education, andh t , the average level of human capital in the parents's generation. It captures a positive intergenerational externality in the process of human capital accumulation. According to this production 9 The specification of individual human capital as a determinant of intra-household decision power is consistent with recent empirical findings. Lührmann and Maurer (2007) find that education is associated with more individual decision power in the couple. In the same line, and Friedberg and Webb (2006) find that the effect of skill on bargaining power, measured by education and occupation, raises own and reduces spouse's relative decision power. 10 Our representation of bargaining power shares with the contest success function the ratio functional representation (Skaperdas, 1996) function, a gender gap in human capital can solely arise from a parental bias in the education expenditure decision towards children of a specific gender group.
In what follows, we make additional assumptions on functional forms: we choose a CRRA specification with parameter σ for the coefficient of relative risk aversion and, for the degree of parental altruism, we adopt the functional constant elasticity form b(n t ) = βn −ǫ t with β ∈ [0, 1] denoting the psychological discount factor, and ǫ ∈ [0, 1] representing the elasticity of altruism with respect to the number of children. It is such that for given utility per pair of children (V f t+1 + V m t+1 )/2, parental utility increases at a diminishing rate with the number of children n t . In order to have a positive number of children we need the following parametric restriction (see Becker 1988 and 1989) :
This requires that the exponent of consumption 1 − σ is smaller than the one associated to children, 1 − ǫ, otherwise households always prefer consumption to having children.
In all period t, the couple solves the following optimization program:
subject to (3), (4) and (5), and to the following inequality constraints:
The tilde variables in the objective function,h f t+1 andh m t+1 , represent the stock of human capital of the children's future wife and husband, respectively. These are taken as given as they result from the parental human capital investment choice of the children's future spouses. Hence, the decision on children's education by parents configures a strategic game played among families: When choosing the amount of education expenditures on children, parents need to solve the intra-household allocation problem their children will encounter as adults recognizing that both the total amount of resources to bargain over and the relative bargaining power of their own children will also be functions of the human capital of the children's spouses. Therefore, education on own children by a couple of parents is a best-response to the other parents's education decision on children.
Anticipating on an after-specified result, note that in equilibrium all households behave in an identical manner so that perfect homogeneity within gender groups holds in every period and the issue of assortative mating does not come into the play.
Let us now look at the first order conditions of the household problem, which will allow us to identify some properties of the solution.
Consumption
The optimality condition with respect to spousal consumption is such that the consumption levels of the husband and the wife are proportional:
and, combined with the budget constraint, we obtain the individual consumption levels,
with Θ t being a intra-household distribution variable following:
Beside the relative spousal bargaining powers, θ t and 1−θ t , the coefficient of risk aversion σ also affects the final intra-household distribution of resources. When the coefficient of risk aversion is high, the final distribution is less sensitive to any imbalance between the individual bargaining powers. In the limit case when σ becomes infinitely large we have
and the distribution of consumption between the spouses is perfectly equalized whatever the level of θ t . A conversely low coefficient of risk aversion renders the distribution of consumption very sensitive to an unbalanced distribution of spousal bargaining powers.
Our model implies complete compensation by the husband for the wife's labor income loss due to the presence of children in the household. Each spouse receives a fraction of the total household labor earnings and contributes for the very same fraction to the education expenditures. When γ = 0 and θ t =θ = 1/2, both spouses get exactly half of the household resources over and above education expenditures.
Education
Regarding optimal education levels, we obtain from the set of first order conditions
where,
At an interior solution, the above optimality conditions hold as equalities. The lefthand side in (10)- (11) represents the cost of an additional unit of education while the right-hand side is the associated marginal benefit. As in the standard model of parental investment in children's human capital, the higher the marginal productivity or "earning ability" of the son (daughter), the higher the marginal utility for the parent from investing in their son's (daughter's) education. This is captured by the utter right terms of (12) and (13) . The first term on the right-hand side instead captures the additional effect of the impact of the education decision on the next generation's distribution of bargaining power. Indeed, within this framework, parental decisions on investment in human capital of sons and daughters will tilt the intra-household allocation of their children's future couple.
Given the assumption of diminishing returns to education in the human capital accumulation function, a higher fertility further decreases the amount of education spending on girls relative to that on boys, all else being equal. In addition, parents increase the human capital of their daughter (son) in response to an increase in the husband's (wife's) stock of human capital. This results from the specification on the intra-household allocation process.
In the strategic game played by families of choosing own children's human capital given that of children in other families, parents simultaneously face a perfectly symmetric decision problem resulting in best response functions (10) and (11) . At equilibrium, all parents choose the same level of education for their daughter and for their son so that h
t in a symmetric pure strategy Nash equilibrium. As a result, the value function (6) can be rewritten by dropping the tilde and using (2):
) .
Fertility
The first order condition with respect to the number of children is given by
with strict equality at an interior solution. The left-hand side represents the marginal gain for parents from an additional pair of children while the right-hand side corresponds to the effect on utility associated to children in terms of forgone individual consumption for given quality of the children. It includes both the direct education cost and the opportunity cost in terms of lost earnings for the mother.
Let us conclude the presentation of the model by highlighting the different concepts of gender inequality embedded in it. Three of them are exogenous: we define the survival gap by the ratio of total time endowments, p m /p f . Secondly, the wage gap is measured by w m /w f . The last exogenous indicator is our so-called social and institutional gap enclosed in the parameterθ. This concept captures the societal and institutional propensity of a country toward higher gender equality (think of it as a compound indicator enclosing a wide set of elements ranging from family norms and codes, physical integrity, civil liberties to women's open access to the political decision-making). Additionally, the following set of gaps is endogenous to our model: the educational gap, e m /e f , the participation gap, p m /(p f − φn), and the distribution gap which we define to be the ratio of individual consumption levels, c m /c f . Note that by expression (8), it is also measurable by the ratio of the distribution factors, Θ/(1 − Θ). Interestingly, the above list of gender gap concepts can be re-framed in the four pillars structure of the Global Gender Gap Indicator. We indeed find elements falling into each of the four categories defined by the World Economic Forum: the ratios w m /w f , p m /(p f − φn) would pertain to the "economic participation and opportunity" category, the ratio e m /e f to the "educational attainment" indicator, whereas the "health and survival" is captured by our p m /p f . Finally,θ could be classified in "political empowerment". While characterizing the various possible regimes of our model economy, we will pay a special attention to the relationship between these different measures of gender inequalities.
t , e f , e m grow at rate g ∈ R and V grows at rate (1 − σ)g.
Exogenous Bargaining Power
Different types of dynamic paths are possible, depending on which constraint binds. We first focus on a situation where the constraint
binds with equality, i.e., women spend all their time at having and raising children. We start by analyzing the simpler case where bargaining power is exogenous, i.e. γ = 0 and θ t =θ ∀t ≥ 0. In this case, the only motive to educate children is to provide them with a higher labor income in the future. When the entire female time endowment is devoted to childrearing activities, the motive to educate daughters grounded on higher labor market returns fades away. In such a world, the incentive to educate girls is much limited: with human capital not being rewarded on the labor market; its only interest lies in the increase of the bargaining power of daughters in their future couple. However, this motive does not weight here since we have assumed that bargaining power is not influenced by relative human capital. Therefore we will also have in equilibrium e f t = 0, and the first order condition with respect to the education of the girl (11) holds with strict inequality.
Let us stress one important difference with the existing literature. In Becker, Murphy and Tamura (1990) a poverty trap obtains as the consequence of a threshold effect in human capital accumulation. By adding a constant term to equation (5), they obtain an equilibrium with low education and economic stagnation besides the usual sustained growth equilibrium. Here, the mechanism is different: education expenditures on girls are low because it is not worthwhile to invest in female human capital when women do not spend time on the labor market (because fertility is maximum). Moreover, as education expenditures on boys remain positive in this high fertility regime, we obtain sustained growth driven by male human capital accumulation. In this, our results also depart from the BMT model where the economy stagnates in the high fertility-low education regime.
We can now characterize the long-run in this case, which we label "Malthusian balanced growth path".
Proposition 1 Assume γ = 0. Along a Malthusian balanced growth path where n = p f /φ and e f = 0, income grows at rate
The growth rate depends positively on life expectancy of male workers. This is a standard Ben-Porath (1967) effect where education investment depends positively on the span during which this investment pays.
11 Not surprisingly, growth depends negatively on the cost of education a. It also depends positively on the cost of rearing children. In countries having higher cost (for example because infant mortality is high), the net number of children per women is lower, which promotes growth per capita.
For this equilibrium to hold in the long-run, two conditions should be met. The first
This condition is necessary and sufficient for the value function to be defined. The second condition is that fertility is indeed constrained by the biological maximum p f /φ, i.e. inequality (14) holds strictly. An analysis of these two conditions is detailed in Appendix C and leads to the following result.
Proposition 2 Assume γ = 0. Then a malthusian balanced growth path exists if
Proof in appendix C.
This inequality defines a thresholdp
necessary condition for the Malthusian balanced growth path to exist.
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Four important implications derive from Proposition 2.
• First, low life expectancy for women is associated with the Malthusian regime. If women have more chances to survive, it is more likely that they would be active on the labor market, and this makes girls education worthwhile. Hence, high life expectancy is incompatible with the corner regime, and empowering women by augmenting their survival probability, p f , i.e. reducing the survival gap, is promising to escape from the Malthusian regime.
• Second, lowering the cost of children, for example by reducing children mortality, may also help to escape from the Malthusian regime. Shortening the time needed to raise one living child also increases women presence on the labor market and the return to girls' education. Hence, active implementation of policy measures condition of homothetic preferences of parents with respect to the number and the level of education of their children required to obtain the neutrality result does not hold in our model. 12 Notice that the functionp f (p m ) is decreasing in p m under Assumption 1 as it implies the inequality on parameters 1 − δ(1 − σ) > ǫ to be satisfied.
aiming at reducing the total parental time requirement per living child are to serve countries trapped in a Malthusian regime.
• Third, we observe that female wage, w f , does not intervene in these conditions.
Since women do not participate to the labor market, the possible wage they could earn is irrelevant. Acting on the wage gap is of no help.
• At last, the parameter driving societal and institutional gender equalityθ does not appear in the above condition. From this, we may conclude that, in the event of initial gender inequality in social institutions, empowering women by reducing the social and institutional gapθ toward a balanced level does not allow to escape from the Malthusian regime. It would only allow women to enjoy a larger share of household consumption.
Endogenous Bargaining Power
We now lift the assumption of exogenous bargaining power and readdress the condition for the Malthusian equilibrium to prevail. With γ = 0, the bargaining power is a function of the relative human capital levels of the spouses as described by expression (3). For the Malthusian BGP to prevail in this context we need the education on girls to be nil, requiring (11) to hold with strict inequality. Once h f = e f = 0, we are back to the previous case with exogenous bargaining power as we have from expression (3):
Let us now find a condition under which the above is true. For (11) to hold with strict inequality, a sufficient condition is that ∂(1 − θ t+1 )/∂e f t in (13) is equal to zero (recall that the upper bound on fertility is binding, n = p f /φ). At low level of human capital, this requirement of a nil effect of education on future bargaining power is satisfied under the following condition.
Proposition 3 If the conditions of Proposition 2 are met in addition to
The Malthusian corner Equilibrium is a balanced growth path of the model with γ > 0.
Proof in Appendix D.
Stated differently, when human capital is very low and µ > 1/δ, bargaining power is insensitive to human capital. As a result, e f = 0 in equilibrium as both motive to educate girls vanishes (no labor market return and no bargaining power distribution effect). The model becomes thus closer to the unitary model of the family. This latter seems thus more defendable when it represents economies in the corner regime, than when in the interior regime.
3 Modern Growth Equilibrium
Theory with Exogenous Bargaining Power
Carrying out the case with exogenous gender power (θ exogenous; γ = 0 and θ t =θ ≥ 0 ∀t), we now focus on the interior regime with positive education on boys and girls (i.e. regime in which all the expressions in (7) hold as strict inequalities).
Along a balanced growth path, human capital of both men and women grow at the same rate g. The steady state is a vector {θ,ŷ,ĥ
We can simplify this system and obtain a balanced growth path characterized by {g,ê m ,ê f , n} satisfying:
• The equality between the marginal return to education for boys and girls:
• The equality between the marginal return and cost of education for boys:
• the equality between the marginal cost and benefit of children:
• The definition of the growth rate
We have then the following result.
Proposition 4 Along a balanced growth path in the interior regime, the vector {g,ê m ,ê f , n} does not depend onθ.
The social and institutional gapθ does not matter for fertility and education decisions, it only affects the allocation of consumption in the couple. The effect of the other gaps on the interior BGP unfortunately cannot be assessed in general. Indeed, unlike the previous case, we cannot obtain closed form solutions. Applying the implicit function theorem to the system described above to get comparative static results would also be too much involved. Therefore, in the subsequent subsection, we rely on numerical simulations to investigate some properties of this equilibrium.
Additional Results from Numerical Analysis
This section provides a numerical illustration of the model. The simulation exercise points at evaluating the effect of changes in exogenous variables on the long run interior equilibrium. Recognizing the enhancing role of the demographic transition toward low fertility for transition to a modern growth regime central, we will especially look at the impact of shifts in the exogenous variables on fertility.
Calibration
At this stage, we do not aim at reproducing the demographic transition in a particular country. The evaluation of the model in terms of its empirical implications using crosscountry data is the object of a subsequent section. Still, we choose parameters so as to reflect realistic values that would characterize a stylized industrialized economy along its balanced growth path. More specifically, we proceed in two steps. A first set of parameters and exogenous variables are fixed to keep in line with their accredited values in the macro literature. The remaining free parameters are then chosen so as to generate a number of assumptions on empirical moments featuring our benchmark model.
The model is calibrated under the assumption that a period lasts for 30 years. As our starting set of simulations assumes exogenous intra-household welfare weights, we set γ = 0. As a result, the social and institutional parameterθ strictly determines the intra-household distribution of power and we fix it to be equal to 0.5. The altruism elasticity with respect to the number of children embodied in the parameter ǫ is set equal to 1/3.
13 According to our model specification, the parameter σ is the inverse of the inter-temporal elasticity of substitution. We choose a value of 0.34 for it so that Assumption 1 holds. Regarding the time cost parameter φ associated to children, we follow De la Croix and Doepke (2003) and choose φ = 0.075. The parameter a is a scale parameter used to normalize education expenditures with respect to the production level.
We set a = 0.1. In order to reflect the longer life-expectancy of women with respect to that of men observed in most industrialized countries, we fix p f = 1 and p m = 0.9.
The remaining set of parameters are pinned down by considering the following scenario. First, we assume identical levels of human capital for men and women. Second, output growth per capita is set at 1.5 percent per year. To tally with observed fertility rates close to the replacement level in many industrialized countries, we impose two children per household. Moreover, the education expenditure-GDP ratio is set at 0.06. The above set of assumptions enables us to pin down four parameters: the elasticity of education in human capital production, the female and male wage rates, and the discount factor. 
Simulations results with exogenous bargaining power
The purpose here is to analyze how fertility and other characteristics of the economy adjust to changes occurring along our various dimensions of gender inequality. More specifically, we look at the impact of changes in the female wage rate, and in the female total time endowment.
First, we consider the impact of changing relative wages by considering improvements in the female wage rate while keeping that of gender counterpart constant. The results, displayed in Figure 2 , indicate that an upward shift in the wage rate of women relative to that of men has a fertility moderating effect. Households exploit the rise in the female labor wage by reducing the number of children, and thereby, freeing up time to mothers for a larger labor market supply. Education in both gender group increases as parents substitutes quality for quantity in the quantity-quality trade-off with respect to Effect of p f on fertility n, Education e f (dash) and e m , and growth the offspring. However, the increase is much steeper for girls due to the improved labor market return on the investment in female human capital. Lower fertility and higher education have an enhancing effect on growth.
The next numerical exercise evaluates the effect of a improvement in the female life expectancy. As depicted in Figure 3 , a positive link with both the demand for children and the girl's education obtains. With a longer time span, women can have more children along with an extended labor supply. The latter in turn promotes the labor market reward on girl's education spending. Conversely, parents reduce the amount of education spending on boys with as result a female-to-male catching-up. Finally, observe that improvements in female longevity has a positive effect on growth through its impact on the female labor supply. There is however a turning point beyond which the higher fertility effect overrides the labor market effect and by that reduces growth.
14 Before closing this section, it is worth commenting on the impact of choosing different values for the elasticity of inter-temporal substitution in the utility function. Indeed, the parameter σ affects the intra-household distribution of consumption. To see this, reconsidering it as a measure of risk aversion might be enlightening. A higher σ or a higher coefficient of risk aversion implies a willingness to distribute resources more equally between the spouses. Indeed, recall from equation (9) that the effective intrahousehold distribution depends on the value of σ. A smaller σ exacerbates the imbalance in the intra-household distribution of resources between the spouses. In our numerical illustration, lettingθ evolves from 0.45 to 0.55 has different implications for the effective intra-household distribution, Θ, whether σ = 0.34 or σ = 0.5. In the former case, Θ ranges from 0.35 to 0.64, while in the latter case, Θ evolves in a narrower band, from 0.40 to 0.60. That is, in the σ = 0.5 case, intra-household distribution of consumption is less unequal compared to the benchmark case with σ = 0.34. Beside affecting the intra-temporal allocation of resources, the parameter σ also affect the inter-temporal allocation of resources. the female wage rate on fertility: when the wage rate is set to vary from 0.9 percentage points to 1.1 percentage points of its initial value, the fertility drop is much sharper in the σ = 0.5 case. Even more compelling are the different fertility response patterns to improving female longevity depending on the value of σ. The income effect in the demand for children dominates when the inter-temporal elasticity of substitution is large (σ = 0.34). Contrastingly, when the elasticity of inter-temporal substitution is low (σ = 0.5), the demand for children first decreases and then shifts upwards. The initial decrease results from the fact that parents choose to increase the amount of education on girls substantially, which in turn augments the opportunity cost of having children. After some threshold, the income effect overrides the substitution effect in the demand for children and fertility starts swelling.
Simulations results with endogenous bargaining power
Proceeding to the numerical evaluation of the model with endogenous gender power requires us to revise the parametrization. This is done by dropping the assumption of γ = 0 and setting γ = 0.1 instead (a conservative value not to overestimate the effect of endogenous bargaining power). Recall from expression 3 that parameter µ is a sensitivity measure of the bargaining power distribution with respect to relative human capital. We set this parameter to be equal to 2. Given these changes, we obtain new calibrated values for the female and male wage rates (w f = 6.183 and w m = 5.839) and for the elasticity of education (δ = 0.388). The discount factor remains unchanged (β = 0.127).
From a theoretical perspective, the main effect of adding the endogenous bargaining power specification in the model is to introduce a further motive to educate children in the head of parents: besides the traditional labor market return on the investment in human capital, parents now also ascribe to it an "intra-household market return" formulated in terms of enhanced intra-household bargaining power.
This effect is distinctly evidenced in our first next numerical experiment in which an increase in the social and institutional parameterθ is considered. With this parameter capturing the exogenous dimensions of bargaining power determination, the experiment amounts at analyzing a favorable exogenous shift in the bargaining power of men (see equation (3)). Figure 5 depicts the shifts in the equilibrium values of the model variable following an increase ofθ from to 0.45 to 0.55. Highly noteworthy are the educational gender gap overturn and the fertility increase. Subsequently to an exogenous amelioration of the bargaining position of men, parents take to augment education spending on boys in order to grasp their future utility gain associated to it. However, this is done to the detriment of girls education and, as a result of the impaired labor market return associated to lower female human capital, households choose to increase the number of children and to reduce the labor market time of women. These shifts are negative for growth.
Hereunder, two additional numerical experiments are considered. We first consider the impact of an increase in the female wage rate on the equilibrium values of the model Figure 5 : Effect ofθ on fertility n, Education e f (dash) and e m , and growth variable. The shifts in variable show similar directions with respect to our previous analogous experiment in the θ exogenous case. We again find that an improvement in the female wage rate leads to a lower number of children per household who however get more education on average, as well as to a stronger growth rate. In our last numerical experiment, we assess the impact of an improvement in the female life expectancy on the benchmark model equilibrium when θ is endogenously determined. Consistently with the exogenous bargaining case, we find that fertility increases, the education gap decreases, and growth fasten.
Hence, contrary to the exogenous bargaining case, we find that a move of the social and institutional gapθ in favor of women incites parents to invest in girls' education, which leads to a reduction in fertility and promotes growth. The other comparative static results are not much affected by the endogeneity of bargaining power.
Empirical Analysis
A number of predictions are obtained from the above theoretical model. Economies can be in a Malthusian corner regime with high gender inequality in education and high fertility or in an interior regime. The conditions to be in either regime depend on model parameter values like p f (women life expectancy) and φ (child rearing time cost). In the Malthusian regime, fertility is perfectly correlated with maximum fertility p f /φ. Neither a narrower social and institutional gap nor a higher wage of women (closing the wage gap) affect fertility in this regime. On the contrary, in the interior regime, countries with more social and institutional gender parity and/or with more balanced wages should display lower fertility and faster growth. In this section we take up evaluating empirically the pertinence of the model using cross-country data. The main data sources are briefly outlined and a description of the empirical strategy and associated results follows.
Data
This study examines the relationship between gender equality in its various dimensions and fertility for a sample of 157 countries. The data used are listed in Appendix F. Unless stated otherwise, data refer to the year 2005. Country specific fertility rates are computed from data on number of births per women published by the World Bank in its World Development Indicators. This same source of information provides us with a first indicator on education gender gap by country. It is measured as the girls-to-boys primary completion ratio. As a second indicator, we refer to the Global Gender Gap educational attainment subindex 2007 compiled by the World Economic Forum. It is obtained as a weighted combination of the ratios of women-to-men enrolment in primary-, secondary-, and tertiary-level education and of the women-to-men adult literacy rates. Wherever needed in our computations, survival probabilities are from life tables downloaded from the World Health Organization's website.
Methodology, Cross-country evidence and related results
The maximum net fertility rate
It is shown in Section 2 that a low female survival probability as well as an extensive fixed time cost per surviving child, possibly due to high infant mortality, are more likely to be archetypal of countries trapped in the Malthusian regime. Let us first define the maximum net fertility rate that captures the maximum number of living children a women consistently can have over her entire fecund life-span. This concept of maximum net fertility is contingent upon the overall health condition in a society: in a country with high infant mortality and short fecund reproductive period for women (due to low female life expectancy for instance), the maximum number of surviving children that a woman can possibly give birth to will be smaller compared to that in a country that does not confront such sharp problems of infant and adult mortality. From this, we define, country by country, an upper frontier on the maximum number of living children per woman and we then gauge how close to this frontier is the observed number of children per woman. For ease of exposition, we henceforth term the difference between maximum net fertility and actual fertility, the "fertility margin". Consequently, a country which has a fertility margin approaching zero is a country in which observed fertility is high given the overall prevailing health and survival conditions.
Getting to the specifics of the evaluation approach, we assume that the adult period lasts for 20 years. The maximum net fertility is computed as the ratio of the expected numbers of years a 20-years-old woman will live over a 20 years long period (p f in our model) over the total time cost associated to every surviving child (φ in the model). Formally, maximum net fertility,n, writes as follows:
where L20f and L40f represent the proportion of women surviving to age 20 and 40 respectively. Hence, the distance ratio L40f /L20f produces the fraction of 20 years old women that effectively reach the age of 40. Multiplying this figure by 20 produces the average number of years a women entering adulthood may expect to live.
The denominator captures the net parental time cost per surviving children with lowercase a standing for the fraction of time spent by a mother at raising each newborn child during her first year of life and b representing the additional time cost associated to surviving children. The term 1 − IRM is the proportion of newborns that survive the first year of life. Infant mortality rates are directly available from survival table.
To fix the value of parameters a and b, we follow the methodology presented in Bar and Leukhina (2008) . The authors introduce the ratio of the total parental time cost of a surviving child over that of a non surviving child and set it to be equal to four, i.e. 
forms a system that can be solve for a and b. In order to do so, we set IMR = 0.04 (sample average). In addition, referent to the discussion in De la Croix and Doepke (2003), it is supposed that the opportunity cost of a child is equivalent to about 15 percent of the mother's total time endowment and that children live with parents for 15 years. This allows us to set φ = 0.15 * 15 = 2.25. This given, we obtain a = 0.5567 for the time cost per newborn child, and b = 1.6701 as the additional cost per children that effectively reach adult age. By way of example, Table 2 reports the computational steps of the maximum net fertility for the countries of Iran, Mexico and Mozambique.
L20f L40f We see that, given the parameter choice and the countries' data on survival rates, a woman devoting all her time at raising children could have over 8 living children in Iran and Mexico but only somewhat fewer than 6 children in Mozambique. In the next to last column, we report the fertility margin,n − n, with n being the observed number of living children per women. It is computed as the number of birth per women form the World Development Indicators adjusted for the infant mortality rate associated to first year of life.
Interestingly, Mozambique is the country for which the distance between actual fertility and maximum net fertility rates is the tiniest. That is, despite having the lowest maximum net fertility, due to the low female survival rate and the high cost of having living children, Mozambique has the highest fertility rate out of the three countries. As a result, we can say that this country has a fertility rate that is bigger both in absolute and relative terms (i.e. in distance terms). Contrastingly, compared to Iran, Mexico presents a larger fertility rate in absolute terms but in relative terms, fertility is smaller (the fertility margin is larger). Figure 6 displays the fertility margin for our list of countries sorted in ascending order along the maximum net fertility variable. As we move from left to right along the x-axis, maximum net fertility and observed number of living births per women first increase alongside up to some break point beyond which the distance between the two variables start to widen. This provides us with a good illustration of what constitutes the essence of Proposition 2: countries with high infant mortality and low female life expectancy (resulting in a low maximum net fertility) are more likely to be trapped in the Malthusian regime. In Figure 6 , we indeed observe that those countries with a lower n also tend to display a smaller fertility margin,n − n with respect to countries that enjoy a largern due to longer female life expectancy and lower infant mortality rates.
To provide a further evidence that, in countries in the Malthusian regime, fertility is constrained by the supply side, we categorize countries into Malthusian regimes and non-Malthusian ones. Fixing our separation criterion to a fertility margin equal to 2 standard deviations, we find that 21 countries can be listed in the Malthusian regime category. In other words, for 21 countries, we observe a difference between our computed maximum net fertility variable and effective fertility lower than 2 standard errors. All other countries present a bigger positive distance between maximum net and effective fertility. Within the Malthusian regime category, we compute the correlation between fertility and maximum fertility. It equals 0.85 which is not significantly different from 1.
Fertility, and gender power
In Table 3 , we correlate our measure of fertility margin with distinct measures of the gender gap. The first row shows these correlations for the entire cross-country sample.
In line with a well established result, we observe strong positive relationship between gender equality in education and low fertility margin. 16 Noticeably, fertility margin relates less strongly to the other dimensions of the gender gap. However, interesting patterns in these correlations emerge when we consider the two groups of countries. We observe that in the Malthus group, no correlation is significant. This is perfectly in line with the model, where the fertility margin is always equal zero in this regime. In the non-Malthus (interior) group of countries, correlations with the various dimensions are always stronger than in the full sample. Beyond the strong correlation between the gender gap in education and our measure of fertility margin, we find a positive 16 See for instance Klasen (2002) , and Dollar and Gatti (1999) .
correlation with our two measures of women political power. If we accept them to be an indicator of the social and institutional gender gap, we may assert that reducing the gender gap along this dimension would help to fasten the demographic transition. This concords with our result from Section 3 when bargaining power is endogenous. In a similar vein, the correlation between fertility margin and the economic participation and opportunity gender gap index is positive. Considering that the female-to-male wage gap is an important built-in factor for this gender equality index 17 , we may allege that the positive relationship goes in line with our result according to which a lower gender gap is fertility reducing and growth enhancing for economies in the interior regime (see Figure 3 ). 
Conclusion
Endorsed by all world's leading development institutions, the promotion of gender equality has become a race horse toward sustainable development in all regions of the world.
In spite of the surrounding consensus on the positive link between gender equality and 17 In the construction of the "Economic Participation and Opportunity gender equality index", the World Economic Forum attributes a weight of 0.310 to the female-over-male wage ratio (for similar work). The second main component is the ratio of estimated female earned income over male value with a weight of 0.221. The other factors are the ratio of female labor force participation over male value, the ratio of female legislators, senior officials and managers over male; and the ratio of female professional and technical workers over male value economic growth, macroeconomic studies that formally explore the role of gender heterogeneity remain relatively sparse. In this paper, we try to formally clarify the part played by various dimensions to gender inequality in fostering the transition toward faster growth. Fully recognizing the economic growth enhancing impact of a reduced population growth, we especially focus on the pathways by which increases in gender equality may affect fertility.
To this end, we set up an overlapping-generations model with gender heterogeneity, endogenous fertility, and parental investment in children's human capital. Distinctive to our model is the specification of a household decision process based on the notion of intra-household bargaining power. In this setting we are able to identify four dimensions of gender equality (life expectancy-, wage-, socio-institutional-, and education-based inequality concepts), and to analyze their impact on both demographic and economic outcomes.
We first characterize two equilibrium regimes: a Malthusian corner regime with low growth, high fertility and strong gender inequality in education; and an interior growth regime in which low fertility and a more balanced distribution of education between men and women prevail.
We next derive the condition to escape the Malthusian regime. Reducing the social and institutional gender gap in economies trapped in the Malthusian regime does not prove to be the way out. Nor is lowering the gender wage gap. The key policy measures to ease out these countries are to promote female longevity and infant survival rates. These findings are corroborated in our cross-country data analysis where evidence is found that countries with high infant mortality and low female life expectancy are more likely to be trapped in the Malthusian regime. In addition, for countries that we identify as falling in the "Malthusian regime" category, the distance between maximum and observed fertility exhibits weak correlations with the various dimensions of gender equality.
We further our understanding of how fertility and other characteristics of the economy adjust to changes in gender equality by proceeding to some numerical simulations of the benchmark interior regime. When bargaining power is exogenous, augmenting the female wage rate relative to that of men abates fertility and fosters growth. We also find that improving female life expectancy is positive for growth. When bargaining power is endogenous, the sole additional result comes with our social and institutional gender gap: the implementation of policy measures aiming at stronger gender parity in the social and institutional set-up of a given economy in the interior regime will promote economic growth by lowering the population growth rate.
Let us close by insisting on the fact that, as unsettling as may sound our result according to which reducing the social and institutional is of no immediate help to escape the high fertility regime in low income countries, we do not discard the importance of achieving gender parity. To start with, it is certainly a worthy objective in itself. More work needs to be done in order to obtain a clear understanding of the mechanisms linking gender equality and economic growth. The present work is one step ahead in this direction.
B Malthusian Growth Rate -Proposition 1
In deriving the expression for the Malthusian growth rate, 1 + g M , we first use (18) and (19) withĥ f = 0 so as to express education expenditures on boys in efficient form as a function of the growth rate:
The growth rate in the Malthusian equilibrium is then derived from the optimality condition with respect to the education of the boys (24) . Bear in mind that the first term in the RHS brackets of this condition vanishes as γ = 0 (implying ∂Θ t+1 /∂e m t = 0) in this regime. Hence, we may write,
, the expression for the Malthusian growth rate is straight to derive:
.
C Thresholds Determination -Proposition 2
We next direct our analysis on the conditions for such an equilibrium to arise.
First, the inequality 1 > 1 2
1−σ is required to hold in order to obtain a finite objective function. This implies the following restriction:
This defines a thresholdp Second, as, in the Malthusian equilibrium, the upper bounds on the maximum number of children is achieved, n = p f /φ, the optimality condition with respect to the number of children (26) holds as a strict inequality:
We compute the steady state welfare levelV using (20):
Knowing thatĥ m = 2 from (19), income can be derived from (17) aŝ
with n = p f /φ. Next, substitute into the expression ofV the individual demands for private consumption expressed in terms of the net income,ŷ t , given by (21)- (22). The following equation for the welfare sum is then obtained:
Substituting this result into the optimality condition with respect to the number of children and replacingĉ m by its value produces:
Developing the term kΘ σ θ = 1 leads us to conclude that it equals 1. Since the inequality 1 > 1 2
1−σ is required to hold in order to obtain a finite objective function, we can rewrite the above inequality condition as
Rearranging terms further leads to:
Replacingê m by its value
For ease of notations, let us define z ≡
. We can then express the growth rate in terms of the following product:
Using this in the above inequality conditions, we get:
which can be rewritten as
Rearranging further the terms produces:
Given that 1 − δ(1 − σ) > ǫ holds under assumption 1, we can write:
It is easy to show that the above condition is always satisfied given our inequality requirement such that 1 > 1 2
We previously showed that this latter requirement translates into the following condition:
Using our previous notations, the above inequality condition reduces to
A little side calculation indicates us that the the following inequality is satisfied for δ < 1,
and, as a direct result, we may conclude that whenever inequality (30) is satisfied, equation (29) holds true as well.
D Proof of Proposition 3
Writing down the first derivative of the bargaining power variable with respect to education and looking at the limit when girls' education goes toward zero gives the following expression:
Clearly this expression is equal to zero whenever µδ − 1 > 0. Hence µδ − 1 > 0 is sufficient to have e f = 0, which in turn implies exogenous bargaining power.
E Interior BGP with Exogenous Bargaining Power
θ =θ, 
